The effect of using different labeling techniques and various amounts of fluorescein-isothiocyanate was tested with several pools of antisera to Treponema pallidum. Optimal labeling occurred in all serum pools at a fluorescein to protein ratio of 15. The use of pure dye and the dialysis method of labeling is recommended as the method of choice because of its effectiveness in the reduction of nonspecific staining.
The effect of using different labeling techniques and various amounts of fluorescein-isothiocyanate was tested with several pools of antisera to Treponema pallidum. Optimal labeling occurred in all serum pools at a fluorescein to protein ratio of 15. The use of pure dye and the dialysis method of labeling is recommended as the method of choice because of its effectiveness in the reduction of nonspecific staining.
Fluorescent-antibody (FA) techniques have been used in microbiological studies for a number of years, and many papers dealing with technical factors influencing FA conjugates have been published (1) (2) (3) (4) (5) (6) (7) (8) (9) . Because antigen-antibody systems may act independently, it is unlikely that any one set of conditions would be optimal for all immunological systems, so it may be necessary to study and characterize each separately. In one recent report (12) , data indicated that with a fluorescein to protein (F/P) ratio of 6 for Escherichia coli and 28 to 33 for group A streptococci optimal labeling for each immune system occurred.
The purpose of this study was to determine an optimal F/P ratio for anti-Treponema pallidum conjugates. Two methods of labeling were used, and the reaction times and the amount of fluorescein-isothiocyanate (FITC) used were varied. The optimal F/P ratio was designated as the lowest F/P value which consistently gave the highest degree of T. pallidum staining while minimizing the nonspecific staining.
MATERIALS AND METHODS Antisera. Immune sera from three separate groups of rabbits inoculated with virulent T. paidwn (33.6 X 106 cells per ml per testicle) were collected and tested as previously described (13) . The VDRL slide quantitative test (15) (14) . Doubling dilutions of serum in PBS were tested until a predetermined end point of 2+ fluorescence was reached. All serum pools maintained antibody reactivity (2+) through a dilution of 1:1,600.
Globulin. The crude gamma fraction of rabbit antisera to T. pallidum was precipitated with (NH4)2SO4, Labeling. Three groups of 51 conjugates were prepared. The first group of 18 conjugates was labeled by the direct method (7, 10) with the use of 25 jug of FITC/mg of protein. Reaction time varied from 3 to 100 min. Sample specimens were removed at 3, 15, 30, 45, 60, and 100 min.
The second group of 24 conjugates was labeled by the dialysis method (2, 7). Conjugates 1 to 12 were labeled at a ratio of 20 ml of dye solution to 1 ml of globulin solution; the FITC concentration was 0.125 mg/ml. Conjugates 13 to 24 were labeled at the same ratio of dye solution volume to globulin solution volume, but 0.25 mg of FITC/ml was used.
As a reproducibility check on both F/P ratios and staining titers, the third group was labeled to achieve conjugates of F/P ratios between 15 and 20. Conjugates were labeled by the direct method to achieve an F/P ratio of 20, and by the dialysis technique to obtain F/P ratios of 15 to 20. The reaction time was 1 hr for direct labeling with 33 gg of FITC/mg of protein.
Dialysis labeling was continued for 4 hr with 0.25 mg of FITC/ml at a 20:1 ratio of dye solution to globulin solution for three conjugates; 0.4 mg of FITC ml at a ratio of 10:1 was used for another three conjugates. All conjugates in this study were dialyzed against PBS (0.01 M, pH 7.6) to remove free fluorescein.
Fluorescein determinations (11) were performed on all conjugates. The F/P ratios expressed represent the micrograms of free FITC per milligram of protein in the dialyzed conjugates.
Application of conjugates. Individual conjugates Table 1 shows the effect of reaction times on F/P ratios of conjugates labeled by the direct procedure, and the specific staining titers obtained. An increase of F/P ratios beyond 14.3 failed to show an increase in staining titers. Table 3 shows F/P values and specific staining titers obtained by direct and dialysis labeling methods when the amounts of F1TC and conjugation times used yielded F/P ratios of approximately 20 in the direct method and 15 and 20 in the dialysis method. All serum pools did, in fact, develop F/P ratios between 16.5 and 25 and demonstrated strong fluorescence (4+) at titres of 1:256.
RESULTS

DISCUSSION
An optimal F/P ratio of 15 was determined for anti-T. pallidum conjugates used in direct staining procedures. Two methods of labeling were employed, and various time intervals and different amounts of FITC were used. Of 51 labeled globulins, those with F/P ratios of 5 to 10 yielded staining titers of 1:32 :to 1:128; those with F/P ratios of 10 to 15, staining titers of 1:64 to 1:256; and conjugates with F/P ratios of 15 to 20 had staining titers of 1:128 and 1:256. These data suggest that optimal labeling occurred within the approximate F/P ratio range of 15 to 20. Three individual serum pools were used in this study as a test for reproducibility of F/P ratios and staining titers, not because of expected differences in labeling or antibody staining.
In the group of conjugates labeled by the direct method, when a constant amount of FITC was used and the reaction time was varied, the resultant F/P ratios increased as the conjugation time increased up to 1 hr (Table 1) . In these conjugates, with F/P values ranging from 7.8 to 18.2, all three serum pools demonstrated a specific titer of at least 1:128 at an F/P ratio of 13. In the group labeled by the dialysis method (Table  2) , specific staining titers of 1:256 were noted in each pool at F/P ratios of approximately 15. The third group of conjugates, labeled to obtain F/P values of approximately 20 in the case of direct labeling, and ratios of 15 and 20 in the dialysis labeling, demonstrated that a plateau had been reached. It was found that, as the F/P ratio increased by an increment of 5, the average specific titer increased one doubling dilution. At F/P ratios below 5, the highest specific titer was 1:64. At F/P ratios between 5 and 10, 6 of 11 conjugates had specific titers of 1:128. When the F/P ratio was increased to 10 to 15, four of nine conjugates had specific titers of 1:256, four at 1:128, and one at 1:64, demonstrating that specific titers were still rising. At F/P ratios of 15 to 20, 12 (4, 6, 8, 9, 12) , have shown that increased F/P ratios, as well as increased amounts of FITC, could increase the nonspecific staining while not appreciably affecting the specific staining titers beyond a certain point. It has also been shown that nonspecific staining is reduced approximately one-half by using the dialysis labeling method as opposed to the direct method (2, 7).
The presence of film background or debris staining in conjugates with F/P ratios of 25 and above may have interfered with titers and made accurate recording of specific titers extremely difficult, causing an apparent drop in specific titers. This could possibly be shown by testing conjugates labeled by the direct method to attain higher F/P ratios than were used in this study. Another cause for the leveling off or drop in specific titers of conjugates having F/P ratios of 25 or above could be denaturation of the antibody.
